1 0 1 fish) was 42.1%, whereas that of CpG-treated fish was 15.0%. By calculation, the relative Mucosal-associated immune tissue in the intestine is important immune organ in fish, 1 0 7 and the first line of host defense system against infection. The mRNA levels in the intestine of two groups of zebrafish are shown in Figure 2 . The 1 0 9 results showed that the expressions of all genes were significantly downregulated in the 1 1 0
CpG-treated group compared to the PBS-treated group (P<0.01). Among them, the expression 1 1 1 level of IL-1β, which was 99.88% lower than that of the control group, was the most 1 1 2 significant.
1 1 3
Expressions of immune-related genes in the kidney
The kidney is one of the main immune organ of fish; the main site for the growth and 1 1 5 differentiation of fish immune cells, and the main part of the immune response. The mRNA levels in the kidney of two groups of zebrafish are shown in Figure 3 . Compared to the control group, TLR9, lysozyme and IL-26 were significantly upregulated, 1 1 8 while IL-1β was significantly downgraded (P<0.01) in the kidney of the CpG-treated group 1 1 9 (P<0.01). No differences in other genes were observed between groups. 1 2 0 Along with kidneys and intestine, gills are the first line of defense against pathogens. The mRNA levels in the gill of two groups of zebrafish are shown in Figure 4 . The 1 2 3 expression level of TLR9 was 3.7-fold higher than that of the PBS group (P<0.01). In addition, To further explore the antibacterial mechanism of CpG-ODN 2007, zebrafish embryonic 1 2 8 fibroblast cell line (ZF4) was used to evaluate the antibacterial ability of CpG-ODN 2007. We 1 2 9 6 examined the cytotoxicity of FJ03-X2 in ZF4 cells with or without CpG-ODN 2007 treatment. cells. However, compared with uninfected ZF4 cells, the cytotoxicity of the two groups after 1 3 4 the infection was significantly increased, indicating that the FJ03-X2 strain is highly toxic 1 3 5 (CpG-untreated group: 88.10%; CpG-treated group: 54.61%; contour groups: <10%; however, 1 3 6 the cytotoxicity was significantly lower in the CpG-treated group compared to CpG-untreated The mRNA levels after FJ03-X2 strains infection are shown in Figure 6 . Compared with 1 4 1 CK and EK, we found that the expression of immune-related genes in ZF4 cells was Compared with CV and EV, ZF4 cells were not significantly different in the control 1 4 6 group and the experimental group after FJ03-X2 strains infection (except MyD88, TNF). However, by comparing CK and CV, the gene expression of ZF4 cells was significantly 1 4 8 increased after FJ03-X2 strains infection (except TLR3, Lysozyme), which indicated a strong 1 4 9 inflammatory response. Compared with EK and EV (CpG-ODN 2007-treated group), the 1 5 0 expression levels of TLR9, TLR21, TLR4a, TNF, IFNg1-2 and IL-1β were upregulated after 1 5 1 FJ03-X2 infection, but the upregulation was much smaller than that of the non-treated group; 1 5 2 the expression levels of TLR1, TLR3, MyD88 and IL-22 genes were down-regulated. This In this study, we evaluated the effect of CpG-ODN 2007 as a potential immunostimulant 1 5 8 for zebrafish infected with V. vulnificus (FJ03-X2). We found that CpG-ODN 2007 is an 1 5 9 effective adjuvant, which could be used to fight V. vulnificus infection in zebrafish. In addition, 1 6 0 we discovered that CpG-ODN 2007 could effectively reduce the toxicity of V. vulnificus to 1 6 1 zebrafish embryonic fibroblast (ZF4) cells. These studies further our understanding of the 1 6 2 innate immune system of fish, which can be used as a reference for the application of In our previous study, we examined the expression of related immune factors (TLR9, Lysozyme) before and after injection of CpG in zebrafish, and found that the expression 1 6 7 levels of these genes were upregulated in CpG-ODN 2007 treated-group (data not shown). Nguyen and his team found that CpG-ODN1668 displays higher activation capacity of TLR9 can effectively improve the antibacterial ability of zebrafish. Next, we analyzed the 1 7 7 expression patterns in the intestine, kidney and gills following V. vulnificus infection, which 1 7 8 are the first line of defense against pathogens (王俊丽 et al. 2014) . We found that the 1 7 9 expression of immune-related genes was most significant in the CpG-treated and non-treated 1 8 0 group after FJ03-X2 infection. We also speculated that the intestine might be the main organ V. vulnificus is an extremely virulent bacterium that contains a virulence factor intestine, the expression levels of all tested genes in the CpG-treated group were significantly 1 8 6 lower than those in the PBS-treated group after V. vulnificus infected. Among them, IL-1β was 1 8 7 the most significant and its expression level was only 0.12% of the control group. The we speculated that the bacteria in the intestine were cleared, and expression status was turned 2 0 2 off, which however was not the case in the control group. These data suggest that CpG-ODN 2 0 3 2007 can promote the host to produce an immune response and eliminate pathogenic bacteria. MyD88, as an adaptor, is significantly downregulated in the intestine that is affected by 2 0 5 the expression level of TLRs. In this study, we found that the downregulation of TLRs inflammatory response of the fish, and producing a warning signal for the invasion of In the kidneys and gills, the expression of TLR9 was significantly upregulated and IL-1β 2 1 7 was significantly downregulated, which is consistent with previous studies (Jorgensen et al. suggested that lysozyme has different expression patterns in different tissues, which is response, which is consistent with Tassakka et al (Tassakka et al. 2006) . We also found that These results suggest that CpG-ODN 2007 can regulate the immune system to control 2 3 5 overexpression of certain genes. We also speculate that this might be the cause of the reduced 2 3 6 cytotoxicity, which needs to be confirmed by future studies. In conclusion, this is the first study that investigated the ability of CpG-ODN 2007 to Each experiment was repeated at least three times. Analysis of variance (ANOVA) was used 3 2 6
Expressions of immune-related genes in the gill
to analyze the differences. Data were presented as means ± standard deviations. A P < 0.01 3 2 7 was considered to be statistically significant. 
